Introduction {#section1-1559325818813227}
============

An unusual growth of cells that propagates through unlimited cell division is termed as cancer. These cells also attack different tissues and then spread to other parts of the body. About 11 million people worldwide have been detected with cancer, which may approximately increase to 16 million by 2020.^[@bibr1-1559325818813227]^ International Agency in Cancer Research estimated that viruses are the cause of almost 20% of aggregate cancers.^[@bibr2-1559325818813227]^ Viral infection leads to chronic inflammation which proliferates growth of cancer cells. Nearly all of the tumor cells are at the mercy of virus for survival. Virally infected cancer is in fact major issue in low-income populations, developing countries, and immunosuppressed individuals from developed nations.

Generally, people of all ages may be affected by cancer, but risk tends to increase with age because DNA damages more easily with aging because of the mutations that occur at the cellular level and cause alterations in protein function and regulation.^[@bibr3-1559325818813227],[@bibr4-1559325818813227]^ Besides vaccination, surgery, radiotherapy, and drug therapy are used for the treatment of virus-associated human malignances. Dietary supplements and medicinal plants are proposed to prevent cancer development because of their long history of human utilization. This review elaborates different types of virally infected cancers and highlights the naturally derived products used for its treatment.

Historical Background {#section2-1559325818813227}
=====================

Discovery of Associated Cancer Viruses {#section3-1559325818813227}
--------------------------------------

Viruses' role as cancer-causing agents emerged in the beginning of 20th century.^[@bibr5-1559325818813227]^ The tumor growth takes place by the cooperation of several events. To date, 8 cancer viruses have been discovered and are classified into 2 groups, that is, DNA and RNA tumor viruses on the basis of their genetic makeup ([Table 1](#table1-1559325818813227){ref-type="table"}).

###### 

Names of Viruses Along With Their Associated Malignancies.

![](10.1177_1559325818813227-table1)

  Serial Number   Viruses                                        Genome                                                  Cancers                                                        References
  --------------- ---------------------------------------------- ------------------------------------------------------- -------------------------------------------------------------- ---------------------------------------------------------------------------------
  1\.             Epstein-Barr virus (EBV) (or HHV-4)            Double-stranded DNA herpesvirus (∼172 kb)               Burkitt lymphoma, nasopharyngeal carcinoma                     ^[@bibr6-1559325818813227]\ ,[@bibr7-1559325818813227]^
  2\.             Kaposi sarcoma herpesvirus (KSHV) (or HHV-8)   Double-stranded DNA herpesvirus (∼160 kb)               Primary effusion lymphoma, Kaposi sarcoma                      ^[@bibr6-1559325818813227],[@bibr8-1559325818813227],[@bibr9-1559325818813227]^
  3\.             Human papilloma virus (HPV)                    Double-stranded DNA papilloma virus (∼8 kb)             Cervical, neck, head, and anogenital tract carcinoma           ^[@bibr6-1559325818813227],[@bibr10-1559325818813227]^
  4\.             Merkel cell polyomavirus (MCPV)                Double-stranded DNA polyomavirus (∼5.4 kb)              Merkel cell carcinoma                                          ^[@bibr11-1559325818813227]^
  5\.             Hepatitis B virus (HBV)                        Partially double-stranded DNA hepadenovirus (∼3.2 kb)   Hepatocellular carcinoma                                       ^[@bibr6-1559325818813227],[@bibr12-1559325818813227]^
  6\.             Hepatitis C virus (HCV)                        Single-stranded RNA flavivirus (∼9.6 kb)                Hepatocellular carcinoma, lymphomas                            ^[@bibr13-1559325818813227]^
  7\.             Human T-cell leukemia virus-1 (HTLV-1)         Single-stranded RNA retrovirus (∼9.0 kb)                Adult T-cell leukemia                                          ^[@bibr6-1559325818813227],[@bibr14-1559325818813227]^
  8\.             Human immunodeficiency virus (HIV)             Double-stranded RNA retroviridae (∼9.7 kb)              Enhances immunosuppression-mediated cancers by other viruses   ^[@bibr6-1559325818813227],[@bibr15-1559325818813227]^

Abbreviation: HHV, human herpesvirus.

### DNA tumor viruses {#section4-1559325818813227}

#### Epstein-Barr virus {#section5-1559325818813227}

In 1964, Anthony Epstein, Bert Achong, and Yvonne Barr deduce Epstein-Barr virus (EBV) particles, also known as human herpesvirus 4 (HHV-4), in cell lines from African patients with Burkitt lymphoma.^[@bibr16-1559325818813227]^ The EBV possesses linear double-stranded DNA (dsDNA) genome and favorably infect epithelial cells and B lymphocytes.^[@bibr17-1559325818813227]^ The EBV is ubiquitous affecting more than 90% of adults.^[@bibr6-1559325818813227]^ Oral and blood are its principal route of transmission.^[@bibr18-1559325818813227]^ During childhood, primary infection with EBV is mostly asymptomatic; nevertheless, the infected person is rendered a carrier for whole life. However, EBV infection during adolescence results in a disease called infectious mononucleosis.^[@bibr7-1559325818813227],[@bibr19-1559325818813227]^ In some cases, EBV infection leads to the development of carcinomas and lymphomas and non-Hodgkin lymphoma.^[@bibr6-1559325818813227]^ The virally encoded latent membrane protein 1 activates STAT and nuclear factor κB (NF-κB) transcription factors in B cells and PI3K in epithelial cells.^[@bibr20-1559325818813227]^ It enhances the growth and survival of the infected cell.

#### Kaposi sarcoma-associated herpesvirus {#section6-1559325818813227}

Kaposi sarcoma-associated herpesvirus (KSHV) have linear dsDNA and remains in the nucleus as episomes even after infecting the cell.^[@bibr21-1559325818813227]^ The KSHV, also known as HHV-8, is epidemic in sub-Saharan Africa (\>50%), moderately spread in the Mediterranean region (10%-30%), and less in northern Europe, United States, and Asia (\<10%).^[@bibr6-1559325818813227]^ Primary routes of KSHV transmission include blood transfusion, sexual contact, and organ transplant. The KSHV is the causative agent of lymphomas and sarcomas.^[@bibr22-1559325818813227]^ The latency-associated nuclear antigen (LANA) plays a significant role in KSHV-associated tumorigenesis.^[@bibr8-1559325818813227],\ [@bibr9-1559325818813227]^

#### Human papilloma virus {#section7-1559325818813227}

Human papilloma virus (HPV), which belongs to the Papillomaviridae family, is principally transmitted by skin contact even during sexual intercourse. Infection is controlled by the immune system, while, in some cases, HPV persists which further leads to the development of epithelial lesions.^[@bibr22-1559325818813227]^ The HPV is highly prevalent in Africa and America (20%-30%).^[@bibr6-1559325818813227]^ It is classified into low-risk or high-risk groups depending on their cancer-causing potential. Moreover, HPV has greater tendency to develop skin cancers in immunosuppressed patients and other anogenital cancers.^[@bibr23-1559325818813227]^

#### Merkel cell polyomavirus {#section8-1559325818813227}

Polyomaviruses have a circular, dsDNA of approximately 5000 bp. Merkel cell polyomavirus (MCPyV) is cosmopolitan and is found in about 80% of the tumors. Evidence revealed that oncogenic transformation of MCPyV occurs due to loss of immune surveillance, because Merkel cell carcinoma (MCC) was detected only in immunocompromised people.^[@bibr24-1559325818813227]^

#### Hepatitis B virus {#section9-1559325818813227}

Hepatitis B virus (HBV) belongs to Hepadnaviridae family and has a potential to provoke liver disease in animals, including humans. The HBV is an enveloped virus comprising of a dsDNA chain along with a single-stranded fragment. The HBV infection may initiate in early childhood or during later stages of life.^[@bibr25-1559325818813227]^ Long-lasting infections by HBV result in hepatocellular carcinoma (HCC). Both direct and indirect methods are involved in carcinogenesis process induced by HBV.^[@bibr26-1559325818813227]^

### RNA tumor viruses {#section10-1559325818813227}

#### Hepatitis C virus {#section11-1559325818813227}

Hepatitis C virus (HCV) is a positive-strand RNA virus which shows RNA polymerase activity and its genome includes roughly 9600 nucleotides.^[@bibr13-1559325818813227]^ The HCV infects liver cells causing severe infection that may become chronic in immunosuppressed individuals, leading to hepatitis and HCC.^[@bibr27-1559325818813227]^ All inclusive, about 170 million people are affected by HCV globally.^[@bibr28-1559325818813227]^ The HCV transmission chiefly occurs through infected blood products. Nonstructural proteins (such as NS5) of HCV can derange signal transduction pathways, leading to cellular proliferation followed by cancerous development. Core protein of HCV also performs various functions including altered cellular gene transcription and cell death.^[@bibr29-1559325818813227]^

#### Human T-lymphotropic virus type 1 {#section12-1559325818813227}

Human T-lymphotropic virus type 1 (HTLV-1) is associated with a range of lymphoproliferative diseases such as adult T-cell lymphoma (ATL).^[@bibr14-1559325818813227]^ Currently, about 15 to 25 million people have been affected with HTLV-1 worldwide. Vertical, sexual, and parenteral are 3 fundamental routes of HTLV-1 transmission. The viral-encoded Tax protein acts as a major oncogenic determinant of HTLV-1 by directly interacting with several signaling cascades and DNA repair pathways, increasing cell survival and transformation, instead of immunomodulatory response mediating inflammation as involved in case of other cancers.^[@bibr30-1559325818813227]^

#### Human immunodeficiency virus {#section13-1559325818813227}

HIV is a retrovirus that induces immunodeficiency, which in turn assists the cancer cell progression caused by other viruses. HIV does not directly cause cancer.^[@bibr2-1559325818813227]^ Presently, 33.3 million people are infected with HIV.^[@bibr6-1559325818813227]^ Principal routes of HIV-1 infection include sexual intercourse and via blood contact.^[@bibr15-1559325818813227]^

Cancer Development in Immunocompromised Individuals {#section14-1559325818813227}
===================================================

International Agency for Research on Cancer determined that 1 of 5 cancer victims are due to infection and nearly all of them are caused by viruses.^[@bibr2-1559325818813227]^ These are notably universal health problems for underprivileged as well as immunosuppressed individuals. Up till now, evidences confirmed that the evasion of inherent immunity plays a vital role in viral oncogenesis. Inborn immune surveillance signaling along with cancer suppressor signaling processes initiates apoptotic pathways.^[@bibr31-1559325818813227]^ Hence, targeting of tumor suppressor pathways by viruses depicts an immune evasion response that impairs antiviral pathways but keeps the affected cell at danger for cancerous growth (known as anti-antivirus hypothesis). The 2-fold nature of inborn immune signaling in antivirus and anticancer functions is characterized by interferon regulatory factors.^[@bibr32-1559325818813227]^

The KSHV encodes 4 interferon regulatory factor homologues,^[@bibr33-1559325818813227]^ which inhibit interferon signaling and initiate cell transformation. Other established KSHV oncoproteins, namely, interleukin-6 (IL-6),^[@bibr34-1559325818813227]^ latent nuclear antigen-1 (LANA1), and LANA2,^[@bibr35-1559325818813227],[@bibr36-1559325818813227]^ also clearly describe the inherent immunomodulatory roles. Of EBV-associated cancers, non-Hodgkin lymphoma and Hodgkin lymphoma are chronic in immunosuppressed individuals compared to common population.^[@bibr2-1559325818813227]^

Merkel cell carcinoma is more recurrent in patients with AIDS than in general people.^[@bibr37-1559325818813227]^ Evidences revealed that the replication of several polyomaviruses increases in immunosuppressed individuals, thereby illustrating the role of immune system in MCC development. Similarly, HPV and squamous intraepithelial lesions diagnosis in HIV-infected women is greatly linked to high viral load.^[@bibr38-1559325818813227]^ So, the initial stages of HPV replication leading to cervical cancer may be affected by HIV-associated immune suppression.^[@bibr39-1559325818813227]^ Moreover, ATL, also known as human T-lymphotropic virus type 1 (HTLV-I), is also more frequent in immunodeficient individuals than the general people.^[@bibr40-1559325818813227]^ Hence, viral replication is modulated by immune system and these virus-mediated cancers increases in immune suppression cases due to the host inability to curb viral replication and the development of infected cells. Immune effector cells recognize viral proteins and direct tumor cell growth.

Mechanism of Virus-Mediated Carcinogenesis {#section15-1559325818813227}
==========================================

Virus-mediated carcinogenesis involves initiation, promotion, and progression in order to change an ordinary cell into oncogenic cell. Initiation involves a reaction between carcinogen and the DNA of tissue cells. The second stage is promotion during which cell proliferation occurs and it happens gradually from few months to years. Change in eating routine along with way of life can have a helpful impact at this stage so that the person may not develop cancer. The last stage involves progression and spread of the tumor. Diet may have less impact at this stage.

Cancer causes the death of the host, and in this way, it ceases the infection. Incorrect diet, genetic susceptibility, and the environmental factors (air and water pollution, radiation, etc) predominantly cause cancer. About 35% of cancers are caused by inappropriate diet and 20% of cancers are because of genetic predisposition. In this manner, remaining cancer cases are related to ecological cancer-causing agents.^[@bibr41-1559325818813227]^

Direct Mechanism of Viral Carcinogenesis {#section16-1559325818813227}
----------------------------------------

For direct carcinogenesis, viruses have developed a plethora of events to hijack different cellular processes ([Figure 1](#fig1-1559325818813227){ref-type="fig"}).

![Direct mechanism of viral carcinogenesis. After infecting cells, tumor infections are kept as hereditary components; viral genomes can form episomes or integrate into the host genomic DNA.](10.1177_1559325818813227-fig1){#fig1-1559325818813227}

### Virus-encoded genes that activate growth {#section17-1559325818813227}

Viral or cellular oncogenes are direct-acting agents found in the form of a single clone inside the tumor cells. Expression of such genes enhances the resistance to apoptosis, which ultimately results in modifications in DNA repair mechanisms. For example, inactivation of p53 and pRb tumor suppressor genes mostly occurs during viral oncogenesis.^[@bibr42-1559325818813227]^ When DNA is damage, p53, that is, product of the *TP53* gene, inhibits cell cycle until the damage is restored. Otherwise, p53 induces cell senescence if it does not occur. The viral inactivation of p53 has been observed in E6 protein from HPV and in LANA1 expressed by KSHV.^[@bibr43-1559325818813227]^

### Genomic instability {#section18-1559325818813227}

The tendency of genome is increased to acquire mutations. For example, EBV Epstein--Barr nuclear antigen (EBNA)-1 may cause genomic instability by activating recombinase-activating genes (*RAG1* and *RAG2*).^[@bibr5-1559325818813227]^ Similarly, HBx alters the centrosome function by forming complex with HBx interacting protein.^[@bibr44-1559325818813227]^

### Interfering with telomere shortening {#section19-1559325818813227}

Infinite cell proliferation normally results in telomere shortening and eventually leads to cell death. Oncogenic viruses also maintain telomere with the help of enzyme telomerase along with various proteins.^[@bibr45-1559325818813227]^ Telomerase expression is observed only in cells with stem properties, such as germinal cells. To date, HPV E6, KSHV LANA, HBV HBx, and HTLV1 Tax have been shown to cause the telomerase expression.^[@bibr46-1559325818813227]^

### Interfering with cell polarity {#section20-1559325818813227}

Viral oncoproteins also inactivate proteins related to cell polarity, which ultimately leads to oncogenesis by impairing morphogenesis and differentiation programs. For instance, postsynaptic density protein and zonula occludens-1 protein domains, which play a significant role in cell--cell contact, generally interact with target proteins via PDZ domain-binding motif. A class I PBM was first identified in adenovirus 9 and later on observed in HPV E6 and HTLV1 Tax.^[@bibr47-1559325818813227]^

### Viral microRNAs {#section21-1559325818813227}

MicroRNAs (miRNAs) are about 22 nucleotides long that usually inhibit messenger RNA translation.^[@bibr48-1559325818813227]^ Recent studies revealed that all cancers almost show altered expression of cellular miRNAs.^[@bibr49-1559325818813227]^ The first 5 viral miRNAs with oncogenic capabilities were observed in EBV-positive B95 cell line. Till now, 40 miRNAs have been identified from EBV BARTs and BHFR1 transcripts.^[@bibr50-1559325818813227]^ These miRNAs have tendency to inhibit apoptosis, while some target cellular tumor suppressor genes, such as *PUMA*, *Bin*, and *WIF1*.^[@bibr51-1559325818813227]^

### Indirect mechanism of viral carcinogenesis {#section22-1559325818813227}

The indirect transforming viruses do not reside inside the tumor cells and generally act through following mechanisms ([Figure 2](#fig2-1559325818813227){ref-type="fig"}).

![Indirect mechanisms of viral carcinogenesis. A, Chronic inflammation. Affected cells produce cytokines, chemokines attracting insusceptible cells, which harm the local tissue. Cancer develops inside this cycle of infection and causes inflammation. B, Immunosuppression. The model operator for immunosuppression is HIV. Epstein-Barr virus (EBV) infection is mostly controlled by cytotoxic CD8T cells; as HIV disease progresses and immune system is suppressed, people get to be at increased danger of having EBV-related lymphomas.](10.1177_1559325818813227-fig2){#fig2-1559325818813227}

### Chronic inflammation {#section23-1559325818813227}

Cells of the immune system proliferate as a result of infection and induce local damage to tissues identified by the formation of pro-inflammatory cytokines, chemokines, and antiapoptotic genes that stimulate endothelial cells to divide along with recasting tissues and neovascularization.^[@bibr52-1559325818813227]^ Common viral agents that act through chronic inflammation are HBV and HCV.

### Immunosuppression {#section24-1559325818813227}

Viruses cause immunosuppression which indirectly reduces antitumor immune surveillance mechanisms. For instance, immunosuppression generated by HIV infection leads to the cancer development.^[@bibr53-1559325818813227]^

### Oncomodulation {#section25-1559325818813227}

Viruses also take part in carcinogenesis by curbing the usual process of an already established cancer. The term "oncomodulation" was proposed by Martin Michaelis to express the function of human cytomegalovirus (HCMV) in tumor growth.^[@bibr54-1559325818813227]^

Antiviral Defense Pathways Induced by Cells and Molecules Elicited During Viral Infections {#section26-1559325818813227}
==========================================================================================

Viruses, a class of intracellular pathogens, form different factors for invulnerability against these pathogens. Particular viral infections differ from others in magnitude and composition as well as in response to various cells and molecules. Studies demonstrated that many cell surface molecules are produced amid viral binding and entry into the host cell which actuates different but overlapping antiviral defense pathways. Foremost among these are discussed below.

Interferons α and β {#section27-1559325818813227}
-------------------

Interferons α and β (IFN-α/β) are also known as type 1 interferons. Amid certain viral diseases, high levels of IFN-α/β are evoked in the host and intercede the immunoregulatory effects.^[@bibr55-1559325818813227]^ The IFN-α/β-induced cellular antiviral response is the primary defense against a viral disease. The ultimate changes caused by IFN-α/β are control of cytokine receptor gene expression,^[@bibr56-1559325818813227]^ activation of natural killer (NK) cell cytotoxic activity, and memory CD8 T-cell proliferation.^[@bibr57-1559325818813227]^ Many viruses including both DNA and RNA viruses are sensitive to interferons-mediated antiviral effects.^[@bibr58-1559325818813227]^

Tumor Necrosis Factors and IFN-γ {#section28-1559325818813227}
--------------------------------

Both IFN-γ and tumor necrosis factor (TNF) are elicited at early times amid certain viral diseases.^[@bibr59-1559325818813227]^ The pathways evoked by TNF and IFN coincide with those prompted by IFN-α/β. The TNF is weaker, yet collaborates with IFN-α/β for these effects. Whereas IFN-γ is a strong activator, TNF combines with IFN-α/β to activate macrophages that can mediate resistance through inducible nitric oxide synthase--dependent pathways successful in damaging other pathogens. The nitric oxide synthase (NOS~2~) enzyme catalyzes nitric oxide NO, which reacts with oxygen and its intermediates to yield various molecules capable of altering vital components for virus replication.^[@bibr60-1559325818813227]^

Cytotoxic T Lymphocytes {#section29-1559325818813227}
-----------------------

The HBV-specific cytotoxic T lymphocytes (CTLs) inhibit viral gene replication in the liver by mechanism that is interceded by IFN-γ and TNF-α. Hence, CTLs have ability to kill infected hepatocytes and cause liver infection or suppress viral replication and alleviate the infection.^[@bibr61-1559325818813227]^

Interleukin 12 {#section30-1559325818813227}
--------------

Although IFN-α/β cytokines canal on negatively controlled IL-12 expression, IL-12 is produced in particular viral diseases and activates NK cell IFN-γ and creates normal Th1 responses. The TNF stimulates IL-12 induction of NK cell IFN-γ production. Besides promoting defense mechanisms, IL-12 also mediates IFN-γ-independent mechanisms.^[@bibr62-1559325818813227]^

Double-Stranded RNA {#section31-1559325818813227}
-------------------

Although double-stranded RNA (dsRNA) is absent in normal cells, it is often produced in cells as a consequence of viral replication. In the presence of dsRNA, (2′-9′)-oligoadenylate synthetase and the dsRNA-dependent protein kinase (PKR) stimulate inhibition of host cell protein synthesis and thus hinder viral replication.^[@bibr58-1559325818813227]^

Heparin-Derived Molecules {#section32-1559325818813227}
-------------------------

Sometimes heparin-derived molecules are generated as a result of viral infection. For example, herpesvirus and HHV-8 utilize HS molecules for viral binding and entry. Heparin can effectively inhibit HCVcc, HCV-LP, and HCVpp binding to hepatoma cells.^[@bibr63-1559325818813227]^

Scavenger Receptor Class B Type I and Serum Amyloid {#section33-1559325818813227}
---------------------------------------------------

In some cases, scavenger receptor class B type I binds and internalizes serum amyloid A (SAA) protein that mediates the pro-inflammatory cellular responses. The SAA has the ability to inhibit HCV entry and thus reduces its infectivity.^[@bibr64-1559325818813227]^

Lectin Cyanovirin-N {#section34-1559325818813227}
-------------------

Recently, another active compound, that is, lectin cyanovirin-N, has been discovered against HIV and showed potent antiviral activity against other viruses.^[@bibr65-1559325818813227]^ Lectin cyanovirin-N and high-mannose oligosaccharides amalgamate present on viral envelope glycoproteins inhibit the viral entry. However, in HCV, mostly the glycosylation sites are so conserved that drugs targeting glycoproteins are unable to escape from virus as rapidly as in case of HIV does.^[@bibr66-1559325818813227]^

Phosphorothioate Oligonucleotides and Other Carbohydrate-Binding Agents {#section35-1559325818813227}
-----------------------------------------------------------------------

Antiviral compounds directing viral passage sometimes target particular cell surface molecules. Studies revealed that amphipathic DNA polymer, namely, phosphorothioate oligonucleotides, exhibits significant activity against HIV by blocking virus--cell fusion.^[@bibr67-1559325818813227]^ Other carbohydrate-binding agents including plant lectins and the mannose-specific antibiotic pradimicin A prevent HIV infection.^[@bibr68-1559325818813227]^ Such compounds may also be effective against other viruses that require a glycosylated envelope for entry into host cells.

Cyclin-Dependent Kinases {#section36-1559325818813227}
------------------------

Human immunodeficiency virus type 1 (HIV-1) is the causative agent of AIDS. Cyclin-dependent kinases (cdks) are required for HIV-1 transcription, and thus, particular cdk inhibitors act as antiviral agents in the treatment of AIDS. Likewise, HCMV is a herpesvirus that activates cdk upon infection, which controls cell cycle in G1 and S phases. Consequently, the inhibition of cdk activity blocks HCMV replication.^[@bibr69-1559325818813227]^

Cellular Proteins Prohibitin 1 and 2 {#section37-1559325818813227}
------------------------------------

Cellular protein prohibitin-1 (PHB1) exhibits antiproliferative activity, while PHB2, also known as repressor of estrogen receptor activity, curbs the estrogen receptor--dependent gene activation.^[@bibr70-1559325818813227]^ Both PHB1 and PHB2 are generally present on the plasma membrane, cytosol, and nucleus. They mediate HCV entry at a postbinding step via interacting with signaling molecule CRaf. However, removal of the entire C-terminal domains of PHB1 and PHB2 stops the interaction between PHB and CRaf. Such PHB-CRaf interaction can be jammed using natural products, such as rocaglamide (Roc-A), that will inhibit subsequent HCV entry into target cell. Henceforth, PHB1 and PHB2 are pan-genomic HCV entry factors.^[@bibr71-1559325818813227]^

Integrin-Mediated Activation of Focal Adhesion Kinase {#section38-1559325818813227}
-----------------------------------------------------

Integrin 31 is a cellular receptor for KSHV entry into the target cells. Human herpesvirus 8 is involved in the pathogenesis of Kaposi sarcoma. The HHV-8 envelope glycoprotein has arginylglycylaspartic acid (RGD) motif that synergizes with integrin molecules, and HHV-8 infectivity is blocked by RGD peptides and antibodies against RGD-dependent α3 and β1 integrins. Moreover, HHV-8 infection leads to the integrin-mediated activation of focal adhesion kinase (FAK). Hence, HHV-8 utilizes integrin and the associated signaling pathways to enter the cells. Activation of FAK and integrin-linked kinases is involved in signaling by integrins, actin assembly, and endocytosis.^[@bibr72-1559325818813227]^ So, FAK activation has a central role in HHV-8 infection.

2B4 Molecules {#section39-1559325818813227}
-------------

2B4 is a surface molecule that activates the NK-cell-mediated cytotoxicity. It binds Src homology 2 domain-containing protein (SH2D1A) or signaling lymphocyte activation molecule-associated protein (SAP), which regulates 2B4-associated signal transduction pathway. So, 2B4 molecules also play significant role in infected cells such as in EBV.^[@bibr73-1559325818813227]^

Bay 11-7082, an Inhibitor of NF-κB {#section40-1559325818813227}
----------------------------------

T-cell lines infected with HTLV-I and leukemic cells show high activity of transcription factor NF-κB. Bay 11-7082, an inhibitor of NF-κB, induces apoptosis of HTLV-I-infected T-cell lines. Bay 11-7082 reduces the DNA binding of NF-κB in HTLV-I-infected T-cell lines and downregulates the expression of antiapoptotic gene, *Bcl-x~L~*, that is regulated by NF-κB. In short, NF-κB is an appropriate target for the treatment of ATL.^[@bibr74-1559325818813227]^

Tax {#section41-1559325818813227}
---

Tax initiates viral gene expression and activates the expression of many genes through various transcription factors, such as NF-κB/Rel, AP-1, and serum response factor.^[@bibr75-1559325818813227]^ Normally, genes induced by Tax include cytokines/chemokines (IL-1a, IL-6, IL-8, TNF-β, and granulocyte colony-stimulating factor), their receptors, cell adhesion molecule (OX40), apoptosis inhibitor (Bcl-x~L~), and G1 cyclins.^[@bibr76-1559325818813227]^ The transcriptional activation of genes deregulates the growth of HTLV-I-infected cells.

Influenza Virus NS1 Protein {#section42-1559325818813227}
---------------------------

Influenza virus NS1 protein prevents the PKR-mediated antiviral response. The PKR upon activation forms a dimer and autophosphorylates. The PKR blocks the protein synthesis, which ultimately prevents viral replication. Some viruses have set up certain approaches to block the PKR activity to mitigate the effects of PKR activation. For instance, influenza A virus can curb PKR activity by recruiting cellular protein P58IPK, which binds directly to kinase.^[@bibr77-1559325818813227]^

Interferon Gamma Inducing Factor and Transforming Growth Factors {#section43-1559325818813227}
----------------------------------------------------------------

Interferon gamma inducing factor and transforming growth factor can be elicited by cells of the innate immune system as well as by other nonimmune cells. They also play a vital role in the clearance of many pathogens.^[@bibr78-1559325818813227]^

Other Molecules {#section44-1559325818813227}
---------------

Other molecules involved in immunoregulatory system during chronic viral infections include claudin-1, occludin, epidermal growth factor receptor, low-density lipoprotein receptor, and DC-SIGN (dendritic cell-specific intercellular adhesion molecule 3 grabbing nonintegrin)/L-SIGN (DC-SIGNr, liver and lymph node specific).^[@bibr79-1559325818813227][@bibr80-1559325818813227][@bibr81-1559325818813227][@bibr82-1559325818813227]-[@bibr83-1559325818813227]^

Natural Products as a Robust Source for Cancer Chemoprevention {#section45-1559325818813227}
==============================================================

In the most obvious way, a "natural product" is a minute particle made by a biological source. In this manner, a natural product is a biologically dynamic chemical substance present in nature and generated by a living creature. For the most part, the expression "natural product" is viewed as being synonymous with "secondary metabolite." Natural products are actually extremely small particles with a molecular weight below 3000 Da.^[@bibr84-1559325818813227]^

Natural products, isolated from microorganisms, insects, dietary products, and medicinal plants, have been the greatest wellspring of hostile to malignancy drugs.^[@bibr85-1559325818813227]^ From the earliest starting point, people are relying on nature for their essential requirements for the creation of sustenance stuffs, composts, and drugs, too. Respective conventional sources for secondary metabolites or natural products are elaborated in the following sections.

Natural Products From Microorganisms {#section46-1559325818813227}
------------------------------------

Billions of microorganisms are available ashore, in freshwater, and all territories of the ocean and the biosphere activities rely on this microbial world.^[@bibr86-1559325818813227]^ The microbial world is an immense untapped asset for drug discovery. Truly, microorganisms have assumed an imperative part in giving new structures, similar to anti-infection agents for medication disclosure and advancement. Actinomycetes, for case, include numerous unrecognized secondary metabolites. Cyanophytes, also known as blue-green algae, are probably the most productive makers of medications utilized for cancer treatment. Illustrations incorporate coibamide A^[@bibr65-1559325818813227]^ segregated from basic extraction of wild collects or fermentation of purified living beings.^[@bibr87-1559325818813227]^ Extremophilic microbes are those living in extreme environments, including acidophiles, alkalophiles, hyperthermophiles, and psychrophiles.^[@bibr88-1559325818813227][@bibr89-1559325818813227]-[@bibr90-1559325818813227]^ Examples of natural compounds isolated from various microorganisms that are effectively used as anticancer agents are given in [Table 2](#table2-1559325818813227){ref-type="table"}.

###### 

Natural Compounds From Microorganisms Used as a Source of Anticancer Agents.

![](10.1177_1559325818813227-table2)

  Serial Number   Microorganism Name            Bioactive Compounds                        References
  --------------- ----------------------------- ------------------------------------------ ------------------------------
  1\.             *Amycolatopsis orientalis*    Vancomycin                                 ^[@bibr91-1559325818813227]^
  2\.             *Actinosynnema pretiosum*     Ansamitocins                               ^[@bibr92-1559325818813227]^
  3\.             *Gymnodinium* species         GA3P, a [d]{.smallcaps}-galactan sulfate   ^[@bibr93-1559325818813227]^
  4\.             *Streptomyces pneuceticus*    Doxorubicin, daunorubicin                  ^[@bibr94-1559325818813227]^
  5\.             *Talaromyces wortmanni*       Wortmannin                                 ^[@bibr95-1559325818813227]^
  6\.             *Chromobacterium violaceum*   Depsipeptide                               ^[@bibr96-1559325818813227]^
  7\.             *Burkholderia rhizoxina*      Rhizoxin                                   ^[@bibr97-1559325818813227]^

Natural Products From Marine Organisms {#section47-1559325818813227}
--------------------------------------

Marine environment is an uncommon repository of bioactive natural products, a considerable number which displays basic features not found in terrestrial natural products. The seas cover more than 70% of earth's surface. Marine life forms contain roughly 50% of the aggregate biodiversity on earth and the marine biological system is the best source to find valuable drugs. By and large, 3000 new chemical substances have been recognized from marine creatures.^[@bibr98-1559325818813227]^ Marine has a place with extremely differing basic classes, including steroids and peptides. The life forms yielding these bioactive marine mixes include invertebrate creatures, algae, fungi, and bacteria.^[@bibr99-1559325818813227]^ Sessile marine spineless creatures, for example, sponges and tunicates, generally missing morphological resistance structures, have built up the biggest number of marine inferred secondary metabolites, including the absolute most fascinating drug applicants. During the 21st century, bigger rates of bioactive non chemical entitites (NCEs) were accounted for marine life forms in contrast with terrestrial creatures.

The primary anticancer product didemnin B, secluded from the tunicate *Trididemnum solidum* from marine source, showed activity against non-Hodgkin lymphoma.^[@bibr100-1559325818813227]^ Some ecteinascidins have been obtained from the tunicate *Ecteinascidia turbinate* possessing antitumor effects. Similarly, dolastatins obtained from *Dolabella auricularia* and bryostatins, isolated from *Bugula neritina* and other marine bryozoans, have demonstrated noteworthy activity against lymphocytic leukemia cell line.^[@bibr101-1559325818813227],[@bibr102-1559325818813227]^ Beside these, there are many other compounds isolated from marine life forms as potential antitumor agents, as given in [Table 3](#table3-1559325818813227){ref-type="table"}.

###### 

Natural Compounds From Marine Organisms Used as a Source of Anticancer Agents.

![](10.1177_1559325818813227-table3)

  Serial Number   Marine Organisms              Bioactive compounds                  References
  --------------- ----------------------------- ------------------------------------ -------------------------------
  1\.             *Salinispora arenicola*       Saliniketals                         ^[@bibr102-1559325818813227]^
  2\.             *Marinispora*                 Marinomycins                         ^[@bibr103-1559325818813227]^
  3\.             *Cacospongia mycofijiensis*   Laulimalide                          ^[@bibr104-1559325818813227]^
  4\.             *Crambe crambe*               Crambescidin 800                     ^[@bibr105-1559325818813227]^
  5\.             *Dactylospongia elegans*      Smenospongine                        ^[@bibr105-1559325818813227]^
  6\.             *Discodermia dissolute*       Discodermolide                       ^[@bibr104-1559325818813227]^
  7\.             *Erythropodium caribaeorum*   Eleutherobin (diterpene glycoside)   ^[@bibr104-1559325818813227]^
  8\.             *Mycale hentscheli*           Peloruside A                         ^[@bibr106-1559325818813227]^
  9\.             *Poecillastra* species        Psammaplin A                         ^[@bibr107-1559325818813227]^
  10\.            *Amphimedon* species          Ascididemin                          ^[@bibr108-1559325818813227]^
  11\.            *Cephalodiscus gilchrist*     Cephalostatin 1                      ^[@bibr109-1559325818813227]^
  12\.            *Cryptotheca crypta*          Cytarabine                           ^[@bibr110-1559325818813227]^
  13\.            *Dolabella auricularia*       Dolastatins                          ^[@bibr111-1559325818813227]^
  14\.            *Bugula neritina*             Bryostatins                          ^[@bibr112-1559325818813227]^
  15\.            *Halichondria okadai*         Halichondrin B                       ^[@bibr113-1559325818813227]^

Natural Products From Insects {#section48-1559325818813227}
-----------------------------

Insects make up around 75% of all species. Insects have provided profitable natural products, including honey (beeswax, pollen, and Royal Jelly) and silk, and have highlighted in pharmaceuticals for treating throat infection, tuberculosis, cancer, and numerous different maladies and afflictions for many years. Other than China, the utilization of insects in medicine is likewise basic in numerous different areas, including India and South Korea. Usually, the medicines are extricated from the stings of honeybees and wasps, or from their secretions, and after that teas made for drinking or treatments for external use.^[@bibr114-1559325818813227]^

Stinging insects mostly produce venom containing an intricate mixture of various chemicals possessing various pharmacological functions. The entire body extracts of many wasps, butterflies, cockroaches, and beetles can also be used as anticancer agents. Moreover, insect antimicrobial peptides have been isolated from insects which kill microscopic organisms including bacteria, fungi, protozoans, and virally infected cancer cells.^[@bibr115-1559325818813227]^ For example, cecropins can kill bacteria, fungi, protozoans, and cancer cells.^[@bibr116-1559325818813227]^ Other compounds isolated from marine organisms that are successfully used as anticancer agents are given in [Table 4](#table4-1559325818813227){ref-type="table"}.

###### 

Natural Compounds From Insects Used as a Source of Anticancer Agents.

![](10.1177_1559325818813227-table4)

  Serial Number   Insects                                          Bioactive Compounds                          References
  --------------- ------------------------------------------------ -------------------------------------------- -------------------------------
  1\.             *Parectatosoma mocquerysi*                       Parectadial                                  ^[@bibr114-1559325818813227]^
  2\.             *Drosophila melanogaster*, *Anopheles gambiae*   Cecropins (antimicrobial peptides)           ^[@bibr116-1559325818813227]^
  3\.             Ants, bee, and wasp venom                        Melittin, phospholipases and hyaluronidase   ^[@bibr117-1559325818813227]^
  4\.             Paederus subspecies (rove beetle)                Pederin                                      ^[@bibr118-1559325818813227]^
  5\.             Honey bee                                        Fatty acid 10-hydroxy-2-decenoic acid        ^[@bibr119-1559325818813227]^
  6\.             *S. peregrine*                                   Lectin                                       ^[@bibr115-1559325818813227]^
  7\.             *Polybia polista*                                Mastoparan                                   ^[@bibr120-1559325818813227]^
  8\.             *Solenopsis invicta*                             Solenopsin A (alkaloid)                      ^[@bibr121-1559325818813227]^
  9\.             *Mylabris phalerata* and *Mylabris cichorii*     Cantharidin (terpenoid)                      ^[@bibr122-1559325818813227]^
  10\.            *Pieris* subspecies (butterfly)                  Pierisin-1                                   ^[@bibr123-1559325818813227]^

Dietary Natural Products {#section49-1559325818813227}
------------------------

Undoubtedly, dietary sources play an essential role in cancers including fruits, vegetables, and spices, which yield bioactive components, namely, curcumin, isoflavones, saponins, and lycopene. Mounted evidences proposed that regular intake of a high-fiber, low-fat diet altogether with different fruits, legumes, and vegetables effectively reduces the cancer risks, as they possess various antioxidants which provide protection against harmful effects of free radicals that lead to the cancer development.^[@bibr124-1559325818813227]^ However, saturated fats, salt, and sugar intake should be avoided or reduced in order to prevent cancer development. Hence, dietary natural products act as valuable tonic for different types of cancer. Studies also revealed that dietary natural products have potential to inhibit cancer by underlying various mechanisms such as inhibiting growth of cancer cells and metastasis and protecting against carcinogens.^[@bibr125-1559325818813227]^ The anticancer potential of fruits, vegetables, spices, cereals, and edible macro-fungi and their bioactive constituents studied in various bioassay systems are given in [Table 5](#table5-1559325818813227){ref-type="table"}.

###### 

Natural Compounds From Dietary Sources Used as a Source of Anticancer Agents.

![](10.1177_1559325818813227-table5)

  Serial Number                                Dietary Natural Products                                                                        Bioactive Compounds                                                                                            References
  -------------------------------------------- ----------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------
  Fruits                                                                                                                                                                                                                                                      
  1\.                                          Apples                                                                                          Polyphenols                                                                                                    ^[@bibr126-1559325818813227]^
  2\.                                          Mangosteen                                                                                      γ-Mangostin                                                                                                    ^[@bibr127-1559325818813227]^
  3\.                                          Pomegranate                                                                                     Alkaloids, anthocyanidins                                                                                      ^[@bibr128-1559325818813227]^
  4\.                                          Sweetsop                                                                                        Annonaceous acetogenins                                                                                        ^[@bibr129-1559325818813227]^
  5\.                                          Berries                                                                                         Resveratrol                                                                                                    ^[@bibr130-1559325818813227]^
  6\.                                          Indian gooseberry                                                                               Tannins, flavonoids                                                                                            ^[@bibr131-1559325818813227]^
  7\.                                          Plum                                                                                            Polyphenols                                                                                                    ^[@bibr132-1559325818813227]^
  8\.                                          Grapes                                                                                          Procyanidins                                                                                                   ^[@bibr133-1559325818813227]^
  9\.                                          Apricot                                                                                         Carotenoids                                                                                                    ^[@bibr134-1559325818813227]^
  Vegetables                                                                                                                                                                                                                                                  
  1\.                                          Purple perilla                                                                                  Rosmarinic acid, caffeic acid, apigenin, and isoegomake-tone                                                   ^[@bibr135-1559325818813227]^
  2\.                                          Bitter gourd                                                                                    Lectin                                                                                                         ^[@bibr136-1559325818813227]^
  3\.                                          Asparagus                                                                                       Polysaccharides                                                                                                ^[@bibr137-1559325818813227]^
  4\.                                          Tomato                                                                                          Lycopene and tomatine                                                                                          ^[@bibr138-1559325818813227]^
  5\.                                          Mungbean sprouts                                                                                NA                                                                                                             ^[@bibr139-1559325818813227]^
  6\.                                          French beans                                                                                    Lectins                                                                                                        ^[@bibr140-1559325818813227]^
  7\.                                          Potato                                                                                          Glycoalkaloids                                                                                                 ^[@bibr141-1559325818813227]^
  8\.                                          Celery                                                                                          Pigenin, linamarose, vitamins A/C                                                                              ^[@bibr142-1559325818813227]^
  9\.                                          Cruciferous vegetables (radish, cauliflower, and broccoli)                                      Glucosinolates and isothiocyanates                                                                             ^[@bibr143-1559325818813227]^
  Spices                                                                                                                                                                                                                                                      
  1\.                                          Turmeric                                                                                        Curcumin, curcuma oil, aromatic tumerone, and sesquiterpenoids                                                 ^[@bibr144-1559325818813227]^
  2\.                                          Garlic                                                                                          Organosulphur compounds (OSC), such as alliin, diallyl disulfide, allicin, and sodium 2-propenyl thiosulfate   ^[@bibr145-1559325818813227],[@bibr146-1559325818813227]^
  3\.                                          Cinnamon                                                                                        Isoobtusilactone A                                                                                             ^[@bibr129-1559325818813227]^
  4\.                                          Chili pepper                                                                                    Capsaicin                                                                                                      ^[@bibr147-1559325818813227]^
  5\.                                          Ginger                                                                                          Geraniol, pinostrobin, clavatol, gingeols, zingerone                                                           ^[@bibr148-1559325818813227]^
  6\.                                          Saffron                                                                                         Carotenoids                                                                                                    ^[@bibr149-1559325818813227]^
  Coffee                                       Caffeic acid (3,4-dihydroxycinnamic acid) and ferulic acid (4-hydroxy-3-methoxycinnamic acid)   ^[@bibr150-1559325818813227]^                                                                                  
  Meat products                                Conjugated linoleic acid (CLA)                                                                  ^[@bibr151-1559325818813227]^                                                                                  
  Green and black teas (*Camellia sinensis*)   Catechin and theaflavins                                                                        ^[@bibr152-1559325818813227]^                                                                                  
  Cereals                                                                                                                                                                                                                                                     
  1\.                                          Rice bran                                                                                       Peptide hydrolysates and phytic acid                                                                           ^[@bibr153-1559325818813227]^
  2\.                                          Corn silk                                                                                       Polysaccharides                                                                                                ^[@bibr154-1559325818813227]^
  3\.                                          Oats, barley                                                                                    β-Glucan                                                                                                       ^[@bibr151-1559325818813227]^
  Edible macro-fungi                                                                                                                                                                                                                                          
  1\.                                          *Pleurotus pulmonarius*                                                                         NA                                                                                                             ^[@bibr155-1559325818813227]^
  2\.                                          *Lentinula edodes*                                                                              Polysaccharide                                                                                                 ^[@bibr156-1559325818813227]^
  3\.                                          *Agrocybe aegerita*                                                                             Lectin                                                                                                         ^[@bibr157-1559325818813227]^
  4\.                                          *Flammulina velutipes*                                                                          Glycoprotein                                                                                                   ^[@bibr145-1559325818813227]^
  5\.                                          *Agaricus blazei*                                                                               β-glucan, blazeispirols A and C                                                                                ^[@bibr158-1559325818813227]^
  6\.                                          *Grifola frondosa*                                                                              O-orsellinaldehyde                                                                                             ^[@bibr159-1559325818813227]^
  7\.                                          *Schizophyllum commune*                                                                         Schizophyllum                                                                                                  ^[@bibr160-1559325818813227]^
  8\.                                          *Grifola frondosa*                                                                              Grifon D                                                                                                       ^[@bibr160-1559325818813227]^

Abbreviation: NA, not available.

Natural Products From Plants {#section50-1559325818813227}
----------------------------

Plants have been used in the treatment of cancer since many years. Natural products from plants specifically play an essential part in the improvement of treating various virally infected cancers ([Table 6](#table6-1559325818813227){ref-type="table"}). It is assessed that plant-derived compounds constitute more than half of anticancer agents.^[@bibr182-1559325818813227]^

###### 

Natural Compounds From Plants Used as a Source of Anticancer Agents.

![](10.1177_1559325818813227-table6)

  Serial Number   Plant Name                    Family            Active Constituents                                       References
  --------------- ----------------------------- ----------------- --------------------------------------------------------- -------------------------------
  1\.             *Aegle marmelos*              Rutaceae          Lupeol (triterpene)                                       ^[@bibr131-1559325818813227]^
  2\.             *Aglaia sylvestris*           Meliaceae         Silvestrol                                                ^[@bibr161-1559325818813227]^
  3\.             *Allium cepa*                 Liliaceae         Allicin alliin, quercetin, flavonoids, vitamins C and E   ^[@bibr133-1559325818813227]^
  4\.             *Aloe barbadensis*            Liliaceae         Aloe-emodin, emodin, aloin acemannan                      ^[@bibr162-1559325818813227]^
  5\.             *Alpinia galangagalangal*     Zingeberaceae     Acetoxy chavicol acetate, pinocembrin, galangin           ^[@bibr131-1559325818813227]^
  6\.             *Angelica sinensis*           Umbelliferae      Carbohydrates                                             ^[@bibr128-1559325818813227]^
  7\.             *Apium graveolens*            Umbelliferae      Apigenin (flavonoid)                                      ^[@bibr142-1559325818813227]^
  8\.             *Artemisia monosperma*        Asteraceae        Capillin (1-phenyl-2,4-pentadiyne)                        ^[@bibr163-1559325818813227]^
  9\.             *Azadirecta indica*           Meliaceae         Triterpenoid                                              ^[@bibr131-1559325818813227]^
  10\.            *Bauhinia variegata*          Caesalpinaceae    Glycosides, essential oil                                 ^[@bibr131-1559325818813227]^
  11\.            *Berberis vulgaris*           Berberidaceae     Berberine (an isoquinoline alkaloid)                      ^[@bibr131-1559325818813227]^
  12\.            *Broussonetia papyrifera*     Urticaceae        Isolicoflavonol                                           ^[@bibr164-1559325818813227]^
  13\.            *Brucea antidysenterica*      Simaroubaceae     Bruceantin                                                ^[@bibr165-1559325818813227]^
  14\.            *Camellia sinensis*           Theaceae          Catechin                                                  ^[@bibr128-1559325818813227]^
  15\.            *Campotheca acuminate*        Nyssaceae         Campothecin (alkaloid)                                    ^[@bibr166-1559325818813227]^
  16\.            *Catharanthus roseus*         Apocynaceae       Vinblastine, vincristine, and reserpine                   ^[@bibr166-1559325818813227]^
  17\.            *Centaurea montata*           Asteraceae        Montamine (alkaloid)                                      ^[@bibr128-1559325818813227]^
  18\.            *Cephalotaxus harringtonia*   Cephalotaxaceae   Homoharringtonine (alkaloid)                              ^[@bibr166-1559325818813227]^
  19\.            *Combretum caffrum*           Cobretaceae       Stilbenes, combretastatin                                 ^[@bibr167-1559325818813227]^
  20\.            *Croton lechleri*             Euphorbiaceae     Taspine (alkaloid)                                        ^[@bibr168-1559325818813227]^
  21\.            *Erythroxylum pervillei*      Erythroxylaceae   Pervilleine A                                             ^[@bibr169-1559325818813227]^
  22\.            *Fagopyrum esculentum*        Polygonaceae      Tanins, flavonoids                                        ^[@bibr128-1559325818813227]^
  23\.            *Fragaria vesca*              Rosaceae          Tanins, flavonoids                                        ^[@bibr131-1559325818813227]^
  24\.            *Ginkgo biloba*               Ginkgoaceae       Ginkgolides B, A, C, and J                                ^[@bibr170-1559325818813227]^
  25\.            *Glycyrrhiza glabra*          Leguminosae       Glycyrrhizin                                              ^[@bibr171-1559325818813227]^
  26\.            *Gossypium barbadense*        Malvaceae         Gossypol                                                  ^[@bibr172-1559325818813227]^
  27\.            *Indigofera tinctoria*        Leguminosae       Indigoids                                                 ^[@bibr166-1559325818813227]^
  28\.            *Larrea tridentate*           Zygophyllaceae    Lignan                                                    ^[@bibr173-1559325818813227]^
  29\.            *Lentinus edodes*             Agaricaceae       Lentinan                                                  ^[@bibr174-1559325818813227]^
  30\.            *Nigella sativa*              Ranunculaceae     Thymoquinone, dithymoquinone                              ^[@bibr131-1559325818813227]^
  31\.            *Ocimum sanctum*              Lamiaceae         Eugenol, orientin, and vicenin                            ^[@bibr131-1559325818813227]^
  32\.            *Panax ginseng*               Aralaceae         Ginsenosides, panaxosides                                 ^[@bibr175-1559325818813227]^
  33\.            *Podophyllum peltatum*        Berberidaceae     Epipodophyllotoxin                                        ^[@bibr176-1559325818813227]^
  34\.            *Prunella vulgaris*           Lamiaceae         Ursolic acid, oleanolic acid                              ^[@bibr131-1559325818813227]^
  35\.            *Psoralea corylifolia*        Fabaceae          Bavachinin and psoralen, psoralidin                       ^[@bibr131-1559325818813227]^
  36\.            *Pteris multifidi*            Pteridaceae       Terpenoid                                                 ^[@bibr177-1559325818813227]^
  37\.            *Saussurea lappa*             Compositae        Sesquiterpenes                                            ^[@bibr131-1559325818813227]^
  38\.            *Silybum marianum*            Asteraceae        Silymarin                                                 ^[@bibr178-1559325818813227]^
  39\.            *Solanum nigrum*              Solanaceae        Solamargine, solasonine, solanin, quercetin               ^[@bibr128-1559325818813227]^
  40\.            *Taxus brevifolia*            Taxaceae          Taxanes, taxol cepholomannine                             ^[@bibr179-1559325818813227]^
  41\.            *Tinospora cardifolia*        Menispermaceae    Sesquiterpenes, diterpenes                                ^[@bibr131-1559325818813227]^
  42\.            *Vitex rotundifolia*          Verbenaceae       Flavonoid                                                 ^[@bibr180-1559325818813227]^
  43\.            *Ziziphus mauritiana*         Rhamnaceae        Betulinic acid                                            ^[@bibr181-1559325818813227]^

Future Perspective {#section51-1559325818813227}
==================

Tumor virology in humans has achieved great attention since past 100 years. Viruses have adopted a lot of approaches for hijacking host cellular pathways that are mandatory for carcinogenesis. Infection-associated tumors remained an eminent problem globally. Immune system of body normally inhibits the growth of tumor cells that require the expression of viral proteins for their survival, or sometimes curb the viral replication, thus reducing the likelihood of a "oncogenic hit." So, all human cancers, mostly progresses in case of immunosuppression and the protective effect of immune system, play a central role in carcinogenesis.

With the advent of technologies, it is important to find out different techniques for cancer treatment and its prevention. Nature has remained a prime source of medicinal products for centuries. Secondary metabolites present in the microbes and marine organisms serve as a new frontier for discovery of natural products used for the treatment of virally infected cancers. The culturing of the respective microorganism may for the most part be a practical way to increase quantities. Moreover, with the incredible advancements of pharmaceutical industries, medicinal plants offer major resource for the development of potential novel agents. Compounds isolated from the plants have potential to effectively target the tumor cells and avoid their harmful effects on normal healthy tissues. Besides all, tobacco smoking and imperfect diet also result in carcinogenesis. So, cancer development can also be mitigated by consumption of proper and adequate diet.

Overall studies revealed that these natural products isolated from various insects, marine, and microorganisms as well as medicinal plants are useful in protecting virally infected cancer. Moreover, consuming a diet rich in antioxidant fruits, vegetables, herbs, and so on, also provides health-protective effects. Cancer is one of major problem in both developing and developed countries. Chemotherapy and radiation therapy causes various side effects; therefore, there is requirement of an alternative medicine to treat cancer. Nature possesses great chemical diversity that provides one of the most efficient sources of inspiration for medicinal and drug discovery chemists. Natural products can be recommended to the rural and poor people to treat effectively the cancers as they are cheaper; beside this, they can be used in developing drugs as they have no side effects. So, the data analyzed in this study have provided us with information that can provide basis for the future pharmacological screening, leading to natural drugs discovery development. Various bioactive compounds can be isolated and identified easily from natural products extracts via advance techniques. Moreover, in future, attention should be paid on the role of various molecules involved in carcinogenesis and further detailed pharmacological and in vivo studies are required for large-scale implementation of drugs for cancer chemoprevention.
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